INTRODUCTION
============

Previously, cemented stems were widely used for femoral neck fractures. However, there is a concern about a cement-related hemodynamic complication, which might be fatal for elderly patients with these fractures[@B1]. Because of the possibility of unexpected embolic events during insertion of cemented stems and shorter operation time with cementless implants, a cementless stem could be a reliable treatment option for femoral neck fractures[@B2][@B3]. The use of cementless stems for femoral neck fractures has remarkably increased in the last decade[@B2][@B3]. Previously, full-coated tapered stems or conventional proximal tapered stems showed favorable results for femoral neck fractures[@B4][@B5][@B6][@B7]. However, concerns remain about the use of conventional cementless stems because of thigh pain due to diaphyseal fixation and risk of unexpected bone loss due to the morphology of the stem[@B8][@B9].

Recently, short stems have been introduced, and their use in arthroplasty has increased[@B10]. A short metaphyseal stabilizing stem is a type of a proximal tapered-wedge stem[@B11] with a shorter uncoated portion compared to conventional tapered-wedge stem[@B10]. The optimal design of a short metaphyseal stabilizing stem would preserve more native bone, and its short length might potentially decrease thigh pain, compared to a conventional proximal tapered stem or full-coated tapered stem[@B11]. However, the short length of the stem and a relatively small area of bone ingrowth raise concerns about secure fixation, especially in osteoporotic bone. To our knowledge, there has been no study on the results of the use of short metaphyseal stabilizing tapered stems for osteoporotic femoral neck fractures. The aim of this study was to evaluate the short-term clinical and radiological results of the use such stems for osteoporotic femoral neck fractures in patients aged over 65 years. We retrospectively evaluated clinical symptoms including the presence of pain, perioperative changes in walking performance, and the Harris hip score (HHS) at final follow-up, and examined the radiographic results for the presence of osteolysis or loosening and signs of osteointegration. We also evaluated the occurrence of complications after the operation.

MATERIALS AND METHODS
=====================

From 2012 to 2013, 60 displaced femoral neck fractures with osteoporosis which was confirmed by dual-energy X-ray absorptiometry (DEXA) evaluation were treated with arthroplasty with short cementless metaphyseal stabilizing stems (Trilock-BPS stem; DePuy, Warsaw, IN, USA). During the study period, cemented stem was inserted in patients with pathologic fracture, or with life expectancy less than a year. For the patients with coxa valga, another type of cementless stem (ML taper; Zimmer, Warsaw, IN, USA) was inserted. Except for these patients, arthroplasty with short tapered stem was performed for all patients with femoral neck fractures. [Fig. 1](#F1){ref-type="fig"} shows the flow chart of patients with exclusion and inclusion criteria. During the study period, 6 patients died at our hospital before the 2-year follow-up, and 16 patients were not followed-up for 2 years. Of the 16 patients with lost follow-up, 6 patients died outside of our hospital before the 2-year follow-up, 4 patients were refused to visit the clinic because their residence was far from the clinic, and 6 patients were lost to contact. Eventually, 38 arthroplasties in 38 patients with femoral neck fractures treated with Trilock-BPS stems were included in the present study; the minimum follow-up was 2 years (mean, 2.9±0.8 years). After approval by the institutional review board of our institution, the patients\' medical records and radiologic data was retrospectively evaluated.

There were 10 male and 28 female patients. Mean age was 76.1±6.4 years (range, 65--92 years). During the study period, 31 bipolar hemiarthroplasties (BHA) and 7 total hip arthroplasties (THA) were performed. All femoral neck fractures were caused by low-energy trauma such as a fall from a height. No patients had a history of major trauma such as a fall from a great height or major traffic accident. In preoperative radiographs, there were 18 hips with Garden type III fractures and 20 hips with Garden type IV fractures[@B12]. The preoperative proximal femoral geometry was classified as Dorr type C in 12 hips and Dorr type B in 26 hips[@B13]. The preoperative walking performance was evaluated by using the Koval grade[@B14]. There were 27 patients with grade I, 7 with grade II, one with grade IV, one with grade V, and 2 with grade VI.

Osteoporosis was diagnosed by the DEXA T-score (Lunar Prodigy Advance; GE Healthcare, Madison, WI, USA). In 32 cases, the T-score of the proximal femur was below −2.5. In 4 cases, the T-score of the proximal femur was not available due to fracture of the contralateral hip. In the remaining 2 cases, the T-score of the proximal femur was higher than −2.5. However, the T-score of the lumbar spine in the latter 6 cases was below −2.5 and met the criteria of osteoporosis. The mean T-score was −3.07±1.17 at the lumbar spine, −2.98±0.73 at the femoral neck, −2.32±0.93 in the trochanteric area, and −2.78±0.86 at the total femur.

All operations were performed in the lateral position. BHA was performed with a modified Gibson posterolateral approach. After femoral neck resection, femoral canal preparation was performed with broaches of increasing sizes. Intimate mediolateral contact was made between the final and the largest available broach and the cortical bone. The contact was confirmed by visual checking of the contact between the medial femoral cortex and medial area of the stem without the presence of remnant cancellous bone. Also, we checked the rotational stability by forceful rotation of the handle of the broach. Then, a trial femoral neck component and a femoral head were implanted, and the reduction was performed. After reduction, the range of motion and stability of the prosthetic joint were evaluated. After removal of the trial component and the broach, the real stem was inserted with a metal head and bipolar cup. Mean operation time was 77.1 minutes from skin incision to closure of the wound. For THA, a modified Hardinge direct lateral approach was performed. First, acetabular preparation was performed, and a cementless cup (Pinnacle cup; DePuy) was inserted. After cup insertion, femoral preparation was performed as for BHA. Then, a trial femoral neck segment and femoral head were implanted, and reduction was performed. After reduction, range of motion and stability were evaluated. Then, the real stem was inserted with a ceramic head (Biolox Delta; CeramTec, Plochingen, Germany). Mean operation time was 94.3 minutes in cases. The overall mean operation time for BHA and THA was 80.3 minutes.

Postoperatively, we evaluated the clinical results on the basis of the HHS, thigh pain, postoperative walking performance, implant survival, and occurrence of complications[@B14]. On radiographs, the stem insertion angle was evaluated as the angle between the axis of the femur and that of the stem, and hips with a stem insertion angle \>3° were classified as outliers. According to the stem insertion angle and outlier, stem position was defined as neutral, valgus and varus. In the postoperative X-ray, we evaluated the presence of the distal fixation of the stem by measuring the canal fill index (CFI) with the ratio between the width of the stem and that of the femoral canal at the level of the mid portion of the uncoated area of the stem. When the CFI at the uncoated area was more than 95%, we considered the stem fixation as the potential distal fixation. The presence of osteolysis, loosening or subsidence of the stem was assessed[@B15][@B16][@B17]. The signs of bone ingrowth and reactive line around the porous-coated area of the femoral stem, and the signs of stress shielding were also assessed[@B18].

RESULTS
=======

During the follow-up, no stem was revised for any reason. Mean HHS was 84.3±14.2 at the last follow-up. Ten patients with HHS below 70 had radiating pain around the pelvic area due to a spinal problem or general weakness due to poor walking performance. No patients complained of thigh pain. Postoperatively, 26 patients (68.4%) regained preoperative walking performance. [Fig. 2](#F2){ref-type="fig"} shows the preoperative and postoperative walking status of the patients.

During operation, 33 stems were inserted in a neutral position, and 5 stems were inserted in a valgus position. No stems were inserted in a varus position. Two intraoperative femoral fractures occurred and treated with wiring. Postoperatively, all stems were securely fixed without signs of loosening or osteolysis until the last follow-up ([Fig. 3](#F3){ref-type="fig"}). There was no implant migration or subsidence. In postoperative X-ray, 8 hips showed CFI \>95% at the middle of the uncoated area of the stem and showed the sign of the potential distal fixation ([Fig. 4](#F4){ref-type="fig"}). No reactive line of more than 2 mm was observed. Reactive lines of less than 2 mm were seen in 16 cases around the tip of the stem. Except for one hip, all stems showed signs of stable fixation with bone ingrowth and without a reactive line around the proximal area of the porous coated surface of the stem. In one case, a reactive line of less than 2 mm was observed around the greater trochanteric area ([Fig. 4](#F4){ref-type="fig"}). There were no signs of stress shielding below the lesser trochanteric area.

As to complications, one periprosthetic femoral fracture occurred after a fall from a height and was treated with internal fixation with a plate and wire. During the operation, the stem showed stable fixation and was retained. Radiologic signs of fracture union were achieved at 3 months after the operation. There was no other complication such as infection or dislocation.

DISCUSSION
==========

The present study showed the favorable short-term functional results of arthroplasty with a short cementless proximal wedged stem for femoral neck fractures with osteoporosis. No thigh pain occurred. No loosening or osteolysis was observed, and bone ingrowth was stable in most cases, even with the short length of the stem. Strength of the study is that we only included patients with osteoporosis diagnosed by DEXA evaluation. Despite the limited area of bone ingrowth, short metaphyseal stems showed excellent clinical and radiological results. Also, the current study showed favorable recovery of walking performance. We believe that favorable functional results with the absence of thigh pain and excellent implant stability might have contributed to the favorable walking performance recovery after hip arthroplasty with shortened stems for osteoporotic femoral neck fractures.

The use of short stems has been increasing in recent years[@B10]. A short stem could preserve more native bone and reduce the occurrence of thigh pain[@B11]. Short stems have a different philosophy of design and fixation at different area in the proximal femur[@B10]. Recently, classification of short stems by fixation principle and location of proximal loading has been suggested[@B10]. Type I are femoral neck only stems and have only femoral neck fixation[@B10]. Type II are calcar loading stems, with fixation in the calcar and the lateral proximal cortex[@B10]. Type III are lateral flare calcar loading stem with a tapered trapezoidal geometry and lateral flare, with fixation in the calcar and lateral cortex[@B10]. Type IV are shortened tapered conventional stems with a shorter length and reduced distal end in comparison with conventional proximal tapered stems[@B10]. The Trilock-BPS stems, which were used in the present study, are type IV stems; they represent a shortened version of the Trilock stem, with the distal length shortened and the lateral tip curved and contoured for easy insertion and reduction of the disruption of the greater trochanter. Despite their short length, a recent clinical study showed the excellent results of the use of Trilock-BPS stems with mid-term follow-up[@B11]. However, Dorr C femurs were excluded from the study[@B11]. The results of arthroplasty with short stems for osteoporotic femurs have not been well established. The present study showed favorable results of short metaphyseal stabilizing stems for osteoporotic femurs.

Previous studies showed favorable results of conventional cementless stems for femoral neck fractures[@B4][@B5][@B6][@B7]. Proximal wedged stems also showed favorable results for osteoporotic bone without signs of early subsidence[@B19]. For implantation of a proximal wedged stem, the native proximal femoral anatomy and the shape of the proximal porous coated area of the femoral stem should be matched to ensure bone ingrowth on the porous coated area[@B8]. In cases of morphological mismatch between native bone and the shape of the stem, distal engagement of the stem may occur, resulting in a failure of bone ingrowth on the proximal porous coated area8). In the current study, 8 hips showed the potential distal fixation of the stem, and in one of 8 patients, a radiolucent line of more than 2 mm was observed ([Fig. 4](#F4){ref-type="fig"}). The radiolucent line around the greater trochanter was first observed at postoperative 1 year. However, the line did not progress distally. This patient was followed-up for 2.6 years and did not complain about discomfort or pain around the hip joint or thigh. However, long-term follow-up should be necessary to evaluate the progression of loosening of the stem in this patient. In the present study, even though short proximal wedged stems were used for femoral neck fractures with osteoporosis, morphological mismatch of the proximal femur and the shape of the stem could occur. During preoperative planning for arthroplasty with a proximal wedged stem, care should be taken to avoid such morphological mismatch, even in cases of osteoporosis.

Thigh pain is one of the main concerns after hip replacement[@B20] and can be caused by various factors[@B20][@B21]. Diaphyseal fitting and resulting stress shielding were considered as a common reason for thigh pain[@B8]. Theoretically, the use of a short stem might decrease thigh pain[@B11]. However, there is a controversy in this respect[@B11][@B20]. Albers et al.[@B11] evaluated the mid-term results after THA with a Tri-lock BPS stem and reported a low rate (1.6%) of postoperative thigh pain. However, Amendola et al.[@B20] evaluated the short- to mid-term results after THA with a short stem and reported a relatively high rate (25%) of thigh pain after THA. The authors suggested that modulus mismatch between the stem tip and bone at the high stress subtrochanteric region might cause thigh pain. They also observed that the severity of thigh pain decreased with age. In the current study, we observed no thigh pain after hip arthroplasty in elderly patients with femoral neck fracture[@B20]. Less physical activity in older patients\' age might cause less stress on the implant and reduce thigh pain in comparison with young active patients. Further study with a large number of cases is necessary to confirm the low incidence of thigh pain after hip arthroplasty in elderly patients.

The present study has a few limitations. First, it was a retrospective study with a relatively small number of patients is and is relatively short follow-up period. To support findings of the present study, a prospective study with more cases and longer follow-up will be necessary. Second, although patients without osteoporosis were excluded from the study, there were more Dorr type B hips than Dorr type C hips in the preoperative radiographs of the proximal femur. Further study with more Dorr type C femur cases will be necessary to confirm our results for this type of stem. Third, though the functional recovery of the patients was favorable in the current study, the result should be interpreted with caution. In the current study, the follow-up rate was relatively low. We only included patients who visited the clinic. Hence there would be a potential selection bias. Also, there are numerous factors which might affect the functional recovery including cognitive status, nutritional status or type of operation[@B22][@B23], but we did not evaluate the factors. Further study might be necessary to confirm the clinical finding of the current study.

CONCLUSION
==========

The present study has documented favorable short-term functional results of arthroplasty with a cementless proximal wedged short stem for femoral neck fracture with osteoporosis. No thigh pain, loosening, or osteolysis were observed, and bone ingrowth was stable in most cases, even with short-term follow-up. The short metaphyseal-stabilizing tapered stem could be a reliable treatment option for osteoporotic femoral neck fracture. Further study with longer follow-up would be necessary to support findings of the present study.
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![Flowchart of the patients with inclusion and exclusion criteria.](hp-31-11-g001){#F1}

![Preoperative (**A**) and postoperative (**B**) walking performance according to the Koval grade.](hp-31-11-g002){#F2}

![(**A**) Preoperative X-ray of an 80-year-old female patient with a history of femoral shaft fracture treated with plate fixation shows a displaced femoral neck fracture. (**B**) Postoperative 2.5-year X-ray shows stable fixation of the femoral stem without removal of the plate or screw.](hp-31-11-g003){#F3}

![(**A**) Preoperative X-ray of a 76-year-old female patient shows a displaced femoral neck fracture. (**B**) Immediate postoperative X-ray shows distal engaging of the stem. (**C**) Postoperative 3.6-year X-ray shows a radiolucent line around the greater trochanter (black arrows); however, she had no complaints about pain or discomfort.](hp-31-11-g004){#F4}
